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a b s t r a c t
Aim of the study: Species of Lychnophora are used in Brazilian folk medicine as analgesic and anti-
inﬂammatory agents. Chlorogenic acid (CGA) and their analogues are important components of polar
extracts of these species, as well in several European and Asian medicinal plants. Some of these phe-
nolic compounds display anti-inﬂammatory effects. In this paper we report the isolation of CGA from
Lychnophora salicifolia and its effects on functions involved in neutrophils locomotion.
Materials and methods: LC–MSn data conﬁrmed the presence of CGA in the plant. Actions of CGA were
investigated on neutrophils obtained from peritoneal cavity of Wistar rats (4h after 1% oyster glycogen
solution injection; 10ml), and incubated with vehicle or with 50, 100 or 1000M CGA in presence of
lipopolysaccharide from Escherichia coli (LPS, 5g/ml). Nitric oxide (NO; Griess reaction); prostaglandin
E2 (PGE2), interleukin-1 (IL-1) and tumor necrosis factor- [TNF-; enzyme-linked immunosor-
bent assay (EIA)]; protein (ﬂow cytometry) and gene (RT-PCR) expression of L-selectin, 2integrin and
platelet-endothelial cell adhesion molecule-1 (PECAM-1) were quantiﬁed. In vitro neutrophil adhesion
to primary culture of microvascular endothelial cell (PMEC) and neutrophil migration in response to
−8formyl-methionil-leucil-phenilalanine (fMLP, 10 M, Boyden chamber) was determined.
Results: CGA treatment did not modify the secretion of inﬂammatory mediators, but inhibited L-selectin
cleavage and reduced 2 integrin, independently from its mRNA synthesis, and reduced membrane
PECAM-1 expression; inhibited neutrophil adhesion and neutrophil migration induced by fMLP.
Conclusions: Based on these ﬁndings, we highlight the direct inhibitory actions of CGA on adhesive and
neutr
phoralocomotion properties of
explain the use of Lychno
. Introduction
Species of Asteraceae family are popularly used as anti-
nﬂammatory medicinal plants in Brazil and are widely known as
rnica. In the central region of Brazil, preparations of Lychnophora
pecies (Asteraceae) have been commercialized as phytothera-
eutic agents for the treatment of inﬂammatory diseases (Keles
t al., 2010). The alcoholic and the hydroalcoholic preparations of
ychnophora ericoides (arnica da serra) have been widely employed
n traditionalmedicine to treatwounds, pain and inﬂammation and
hemical and biological investigations conﬁrm its biological activi-
ies (Gobbo-Neto et al., 2005;Guzzo et al., 2008; Santos et al., 2006).
pecimens of Lychnophora salicifolia are also employed for these
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aulo, SP, Brazil. Tel.: +55 11 3091 1193; fax: +55 11 3815 6593.
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Open access under the Elsevier OA license. ophils, which may contribute to its anti-inﬂammatory effects and help to
salicifolia as an anti-inﬂammatory agent.
© 2011 Elsevier Ireland Ltd. 
purposes, but themechanismsof actions of their extracts are poorly
investigated. The genus Lychnophora has received great attention
by the structural diversity of their constituents, and more than 250
compounds were isolated from these species (Keles et al., 2010).
Detailed phytochemical investigations of the polar extracts that
can be correlated with popular uses were poorly reported. These
studies showed only few common compounds, including several
reports of chlorogenic acid (CGA; 3-[[3-(3,4-dihydroxyphenyl)-1-
oxy-2-prope-nyl]oxy]-1,4,5- trihydroxy-1, [1S-(1 a,3 ß,4 a,5 a)].
There are no phytochemical investigations of the polar extract
of Lychnophora salicifolia and previous study of the hexane and
dichloromethane extracts showed the presence of 5 sesquiterenes,
2 sesquiterpene lactones, 6 triterpenes, 2 poliacetilens and 1
ﬂavonol (Jordão et al., 2004).
Open access under the Elsevier OA license. CGA is one of the most important phenolic acids and a main
polar compound detected in Lychnophora species. This compound
also occurs in several medicinal species from Europe and Asian and
recently, several studies have demonstrated that CGA impairs neu-
trophil recruitment into inﬂammatory tissues (Kim et al., 2010;
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hang et al., 2010). In the endotoxin and allergic lung inﬂam-
ation, CGA treatment inhibited leukocyte inﬂux and reduced
evels of the cytokines interleukin-4 (IL-4), interleukin-5 (IL-5) and
umor necrosis factor- (TNF-) in the circulation and in the bron-
hoalveolar lavage ﬂuid (BALF) (Kim et al., 2010; Zhang et al.,
010). Additionally, histological analyses of liver from C57Bl/6J
ice previously treated with CGA and subsequently inﬂamed by
ntraperitoneal injection of LPS showed lower neutrophil inﬁltra-
ion in the organ. The suggested mechanism involves impairment
n liver expression of the toll like receptor 4 (TLR-4), TNF- and
uclear factor-B (NF-B) mRNA p65 subunit, suggesting that CGA
cts in the intracellular pathways fundamental to trigger inﬂam-
atory response (Xu et al., 2010). Although the anti-inﬂammatory
ffects of CGA have been demonstrated, its direct actions on neu-
rophils functions are not shown.
Neutrophil recruitment to the inﬂammatory focus is a com-
lex process, highly orchestrated by a huge array of inﬂammatory
ediators. Cytokines, arachidonic acid metabolites and reactive
itrogen and oxygen species, released by resident cells into the
ite of inﬂammation, activate circulating leukocytes and endothe-
ial cells that cover all vesselwalls to secret chemicalmediators and
xpress adhesionmolecules. Someof thesemediators are responsi-
le for theoriented locomotionof leukocytes into the inﬂamedarea,
cting as chemoattractants. The interactions of circulating neu-
rophil to the endothelial cells are the initial phase of the process
nd mediated by a continuous expression of adhesion molecule in
oth cell types. Initially, circulating neutrophils roll along endothe-
ial cells, mainly via selectins. In this context, L-selectin is quickly
xpressed by activated neutrophils and interacts with constitutive
arbohydrates or even to P- or E-selectin expressed on endothelial
ells (Green et al., 2003, 2004). In sequence, L-selectin is cleaved
rom the membrane, by action of speciﬁc enzymes, displaying an
utside-in signalization to the cell ﬁrmly adhere to the endothe-
ium (Zarbock and Ley, 2009). Integrin family molecules, especially
2 integrin subfamily molecules, which are mostly expressed
y leukocytes, mediate the ﬁrm adhesion by interacting with a
iversity of cell components and immunoglobulins superfamily
olecules. Afterward, neutrophils transmigrate between inter-
ndothelial junctions via heterophilic and homophilic interactions
f the immunoglobulins superfamily molecules, such as platelet-
ndothelial cell adhesion molecule-1 (PECAM-1), to subsequently
rawl to the inﬂammatory focus (Ley et al., 2007). In the extravascu-
armatrix, neutrophilsdirectlymove to the siteof lesion in response
o chemotactic chemical mediators (Stillie et al., 2009; Swaney
t al., 2010). Considering the deleterious action of neutrophils to
he host inﬂamed tissue in case of non-controlled inﬂammation,
lockade of phases of neutrophils mobilization into focus of the
nﬂammatory reaction is an important therapeutic strategy (Pease
nd Sabroe, 2002; Yusuf-Makagiansar et al., 2002).
The current study investigated the presence of CGA on polar
xtracts of Lychnophora salicifolia and direct actions of CGA on neu-
rophil properties involvedonneutrophil trafﬁc from theblood into
he inﬂamed tissue. Data obtained show that CGA is indeed present
n the extract of Lychnophora salicifolia and it modiﬁes expressions
f adhesion molecules on neutrophils, independently on transcrip-
ional modiﬁcations, inhibiting, at least in part, their adhesion to
he endothelium and oriented locomotion mechanisms.
. Materials and methods.1. Materials
RPMI medium, Trypsin–EDTA solution and bovine fetal serum
ere purchased from Vitrocell, Campinas, SP, Brazil. DMEM was
btained from GIBCO Invitrogen, Carlsbad, CA, USA. Lipopolysac-rmacology 135 (2011) 261–269
charide from Escherichia coli (LPS, serotype 026:B6), oyster
glycogen Type II, formyl-methionil-leucil-phenilalanine (fMLP),
sulfanilamide andnaphthylethylenediamine dihydrochloridewere
purchased from Sigma, St. Louis, MO, USA. Ketamine and xylazine
were purchased fromSyntec, Hortolandia, SP, Brazil andVetbrands,
Paulinia, SP, Brazil, respectively. Anti-PECAM-1-phycoerythrin,
anti-L-selectin-phycoerythrin and anti-2integrin-ﬂuorescein
isothiocyanate antibodies, 3,3′,5,5′-tetramethylbenzidine (TMB)
and hydrogen peroxide were obtained from BD Pharmingen, San
Diego, CA, USA. TNF- and IL-1 were determined using enzyme-
linked immunosorbent assay Kits obtained from R & D Systems,
Minneapolis, MN, USA and prostaglandin E2 (PGE2) levels were
quantiﬁed using commercial Kit Cayman Chemical, Ann Arbor,
MI, USA. Trizol reagentTM was purchased from Invitrogen Life
Technologies, Rockville, MD, USA. All reagents employed in RT-PCR
assays were purchased from Promega Corporation, Madison, WI,
USA and reagents used in isolation and puriﬁcation of CGA was
obtained from Merck, USA.
2.2. Plant material
The CGA isolation was done using the Lychnophora salicifolia
extract prepared with NPPN/CNPq (1995/1997-“Investigac¸ão ﬁto-
química e ensaios biológicos de vegetais brasileiros da família
Compositae”) support. For ﬁnger print analysis Lychnophora sali-
cifolia was collected with IBAMA license (02001.002021/2006-89)
at Alto Paraíso, Goiás, Brazil: S 13◦55′7.06′ ′ W 47◦25′9.71′ ′; Serro,
Minas Gerais, Brazil: S 19◦17′42.2′ ′ W 43◦36′0.9′ ′; and Diamantina,
Minas Gerais, Brazil: S 17◦27′29.7′ ′ W 43◦34′10.0′ ′. The material
was identiﬁed by Prof. João Semir, University of Campinas, where
a voucher specimen was deposited at the herbarium UEC with the
codes NPL-363; NPL-362; NPL-348, respectively.
2.3. LC–MS/MS analysis
Theonline identiﬁcation of theCGA in the Lychnophora salicifolia
leavesbyHPLC–DAD–MS/MSwasadapted frompreviouspublished
data (Gobbo-Neto & Lopes, 2008). In this methodology a Shimadzu
Prominence® HPLC (LC-20A)with UV-DADdetector (CBM20A)was
applied. The analysis was controlled by the software LC solution
and an ion trap (Esquire HCT, Bruker Daltonics®). ESI-MS machine
was employed as a second detector with the following conditions:
capillary voltage 3400V; drying gas temperature, 180 ◦C; drying
gas ﬂow, 4 l/h; nebulizer gas, nitrogen.
2.4. Isolation and identiﬁcation of CGA
Part of the extract of Lychnophora salicifolia (19.0 g) was sus-
pended in 700ml of MeOH–H2O (9:1) and then extracted with
hexane followed by CH2Cl2 for previous clean up. The MeOH–H2O
(16.2 g) fraction was suspended in H2O (300ml) and extracted
with n-butanol (n-BuOH) (3×150ml), yielding 5.4 g of n-BuOH
fraction. An aliquot (4.0 g) was puriﬁed under a Sephadex LH-20
(Sigma, 400g) column(80 cm×5.0 cm)usingdistilledMeOHaselu-
ent. Fractions were monitored by thin layer chromatography (TLC)
on silica gel plates using n-BuOH–acetic acid–H2O (60:15:25) as
developing solvent and Ultraviolet light (254 and 366nm) as the
detection system. Eluates showing similar TLC retention times to
the CGA were analyzed by ESI–MS and fractions with high levels of
CGA were combine to be puriﬁed by recrystallization as previous
publish by Hulme (1953) presenting 90mg of CGA (Fig. 1).2.5. Neutrophil isolation
Neutrophils were obtained from adult male Wistar rats 4h
after an intraperitoneal (ip) injection of 10ml of 1% sterile
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yster glycogen solution in phosphate-buffered saline (PBS).
ollowing this period, the animals were anesthetized with
etamine (80mg/kg) and xylazine (8mg/kg) and the cells
ere collected by rinsing the abdominal cavity with 10ml of
terile PBS. The number of viable cells (98%) was counted
n a Neubauer chamber using a light microscope (Nikkon,
apan).ra salicifolia plants from three areas of Brazil.
2.6. Cell treatments
Neutrophils were incubated in the presence or absence of
LPS (5g/ml) and treated simultaneously with CGA (50, 100
or 1000M). Control cells were treated with vehicle (Hanks’
balanced salt solution; HBSS). The periods of treatments and cul-
ture conditions varied according to the protocol utilized, which
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Fig. 2. Effects of CGA on inﬂammatory mediator secretion by neutrophils. Neutrophils were obtained from peritoneal cavity of male Wistar rats 4h after intraperitoneal
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Nnjection of oyster glycogen solution (1%, 10ml). Neutrophils (1×106) were incubat
8h and concentration of mediators were assayed on supernatant of neutrophils. (
as assayed using Griess reaction and (D) PGE2 secretion was analyzed by EIA. The
*P<0.01 and ***P<0.001 vs. respective basal control; #P<0.01 vs. respective LPS-s
re described in details in the following sections. Although the
oncentrations Lychnophora salicifolia extracts used in popular
edicine are not known and vary according to the formula-
ion used, it is important to emphasize that CGA is an abundant
ompound in coffee beans, and mmol concentrations of CGA
n the plasma after routine coffee ingestion may be similar to
he acid concentrations employed in this study (Olthof et al.,
001).
.7. Cell viability
Neutrophils were incubated with CGA in the presence or
bsence of LPS (5g/ml) for 18h. Then, 10l of neutrophil sus-
ension from each well was mixed with 10l of 0.4% trypan blue
olution. The suspension (10l) was placed in Neubauer cham-
er, 200 cells were counted and the percentage of viable cells was
alculated.
.8. Inﬂammatory mediators
Neutrophils were incubated with CGA in the presence or
bsence of LPS for 18h and the supernatant was collected and
ept frozen (−80 ◦C) until analysis. TNF-, IL-1 and PGE2 were
uantiﬁed using enzyme-linked immunosorbent assay (EIA) Kits
ccording to the manufacturer’s speciﬁcations. The results were
xpressed as pg/ml.
Nitrite levels in culture supernatant were used as a mea-
urement of NO production by neutrophils. Samples (100l)
ere incubated for 10min with 100l of Griess reagent (1%ulfanilamide, 0.1% naphthylethylenediamine dihydrochloride in
% phosphoric acid) and absorbances at 550nm were deter-
ined using a multiwell plate reader (PowerWave X 340;
iotek Instruments, INC). The results were reported as M of
O2−.the presence or absence of LPS (5g/ml) with HBSS or ACG 50, 100 or 1000M) for
F- and (B) IL-1 levels were evaluated by ELISA; (C) nitrite (NO2−) concentration
ts are expressed as the mean± s.e.m. of cells obtained from 3–6 animals. *P<0.05,
ted control.
2.9. Adhesion molecules
The effects of CGA on expression of L-selectin, 2 integrin and
PECAM-1byneutrophilswere investigatedbyﬂowcytometry.Neu-
trophils were incubated in the absence or presence of CGA and
simultaneously stimulated or not with LPS (5g/ml; 1h). Subse-
quently, cells were washed with cold HBSS and incubated with
monoclonal antibody anti-L-selectin or anti-PECAM-1 conjugated
with PE, or anti-2 integrin conjugated with FITC at 4 ◦C during
20min in the dark. Cells were ﬁxed by adding paraphormaldeyde
solution (2%). Cells were analyzed on a FACS Canto II ﬂow cytome-
ter (Becton and Dickinson, San Jose, CA, USA) and data from 10,000
events were obtained and only the morphologically viable neu-
trophils were considered for analysis. Results were expressed as
mean of ﬂuorescence intensity.
2.10. RNA isolation
Total RNA was extracted from the neutrophils using Trizol
reagent, according to manufacturer’s instructions. RNA was
quantiﬁed by absorbance at OD260. cDNA was synthesised
from the total RNA (2g) via the use of an oligo(dT)15 primer
(20g/ml) after incubation (70 ◦C, 5min) in the presence of a
deoxynucleotide triphosphate mixture (dNTP, 2mM), ribonu-
clease inhibitor (20U), and Moloney murine leukaemia virus
reverse transcriptase (200U) that had been dissolved in a reverse
transcriptase buffer (25l ﬁnal volume). The reverse transcrip-
tion reaction occurred via incubation (42 ◦C, 60min), and the
obtained cDNA was incubated with Taq DNA Polymerase (2.5U),
3′- and 5′-speciﬁc primers (0.4M), and a dNTP mix (200M)
in a thermophilic DNA polymerase buffer that contained MgCl2
(1.5mM). The primer sequences used in this study were (2
microglobulin (housekeeping gene), 5′-cttcagttccacccacctcag-3′
(forward), 5′-gcaagcatatacatcggtctcg-3′ (reverse); L-selectin, 5′-
atctgggcactatggaatgc-3′ (forward), 5′-cgccttccttgatctttgag-3′
C.B. Hebeda et al. / Journal of Ethnopha
Fig. 3. Effects of CGA on adhesionmolecule expressions. Neutrophils were obtained
fromperitoneal cavity ofmaleWistar rats 4h after intraperitoneal injectionof oyster
glycogen solution (1%, 10ml). Neutrophils (1×106) were incubated in the presence
or absence of LPS (5g/ml) with HBSS or ACG (50, 100 or 1000M) for 1h. Expres-
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3.1. Chemical investigationions of (A) L-selectin, (B) 2 integrin and (C) PECAM-1 were evaluated by ﬂow
ytometry. Results are expressed as the mean± s.e.m. of cells obtained from 3–6
nimals. *P<0.05, **P<0.01 and ***P<0.001 vs. respective basal control; #P<0.01
s. respective LPS-stimulated control.
reverse); (2 integrin, 5′-aagggagtcatggagtgtgg-3′ (for-
ard), 5′-tcactttgttggggatgtca-3′ (reverse) and PECAM-1,
′-tctccatcctgtcgggtaacg-3′ (forward), 5′-cttgggtgtcattcacggtttc-3′
reverse).
.11. Neutrophil adhesion assay
Neutrophil adhesion assay was performed according to
tanimirovic et al. (1997) with some modiﬁcations to investi-
ate the effects of CGA on the ability of neutrophils to adhere on
ndothelial cell culture.
Primary cultures of microvascular endothelial cells (PMECs)
ere obtained from the rat cremaster muscle using the method
escribed by Chen et al. (1995) and modiﬁed by Lotufo et al.rmacology 135 (2011) 261–269 265
(2006). Rats were anesthetized and non-coagulated by intraperi-
toneal injection of heparin (1000 units per animal). The animals
were exsanguinated by cutting the bilateral carotid arteries. Sub-
sequently, the cremaster muscles were isolated, cut into pieces
of approximately 2mm×2mm, and two pieces were placed into
each well in a 24 well plate and cultured in DMEM supplemented
with 20% fetal calf serum and 1% gentamicin. After 48h, the tis-
sueswerediscardedand themediumchanged.When theyachieved
conﬂuence, the cells were sub-cultured with trypsin–EDTA solu-
tion into a 96 well plate and after conﬂuence the adherence assay
was performed. The characterization of endothelial cell culturewas
performed by adding monoclonal antibody against PECAM-1.
Brieﬂy, conﬂuent endothelial cells were stimulated with LPS
(5g/ml) during 4h (37 ◦C, 5% CO2, humid atmosphere) to induce
immunoglobulin superfamily adhesion molecules expressions.
Afterwards, endothelial cells were washed with sterile HBSS and
incubated with 2×105 neutrophils per well (30min), which were
previously treated with 0, 50, 100 or 1000M CGA (1h; 37 ◦C).
After the incubation period, endothelium and adhered neutrophils
were washed and lysed with 100l of Triton X-100 (1% in HBSS)
during 15min (4 ◦C). Then, 100l of a solution containing equal
parts of TMB (3,3′,5,5′-tetramethylbenzidine) and hydrogen per-
oxide were added in order to evaluate myeloperoxidase activity,
according to Suzuki et al. (1983). After 30min, the reaction was
stopped with acid solution and the absorbance was quantiﬁed at
450nm. The number of adhered neutrophils was calculated cor-
relating absorbance of each well to a standard curve made with
known neutrophils quantity.
2.12. In vitro neutrophil migration
The migratory assay was performed using a multiwell chemo-
taxis chamber, as previously described by Boyden (1962).
To evaluate the effects of CGA on neutrophil migration, aliquots
of cell suspensions containing 1.5×106 neutrophils (in HBSS con-
taining 0.01% albumin) in the absence or presence of CGA were
added to the upper compartment of the chamber onto a cel-
lulose ﬁlter with an average pore size of 8M (Millipore). The
lower compartments were prepared as follows: HBSS containing
the chemotactic agent fMLP (10−8 M) in positive control wells, and
HBSS only in negative control wells.
The cells were incubated for 2h (humid atmosphere, 37 ◦C, 5%
CO2), followed by removal of the ﬁlters for ﬁxation and staining
of the cells. Neutrophil migration within the ﬁlter was determined
under light microscopy. The distance was measured from the top
of the ﬁlter to the farthest plane still containing two cells with a
40× objective. Duplicate wells were tested for each variable, and
ﬁve ﬁelds were counted and averaged per ﬁlter.
2.13. Statistical analysis
Mean and standard error of the mean (s.e.m.) of all data pre-
sentedhereinwere comparedbyStudent’s t-test orANOVA.Tukey’s
multiple comparisons test was used to determine the signiﬁcance
of differences calculated between the values for the experimental
conditions. GraphPad Prism 5.0 software (San Diego, CA, USA) was
used. The differences were considered signiﬁcant for P<0.05.
3. ResultsThe genus Lychnophora (Asteraceae, Vernonieae) are restricted
to the Brazilian cerrado in central regions of Brazil, mainly in Goiás,
Minas Gerais and Bahia States where commercial preparations of
2 nopharmacology 135 (2011) 261–269
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Table 1
Effects of CGA on cell viability. Neutrophils were obtained from peritoneal cavity
of male Wistar rats 4h after intraperitoneal injection of oyster glycogen solution
(1%, 10ml). Neutrophils (1×106) were incubated in the presence or absence of LPS
(5g/ml) with HBSS or ACG (50, 100 or 1000M) for 18h. Viability was quanti-
ﬁed by trypan blue assay in optical microscopy. The results are expressed as the
mean± s.e.m. of cells obtained from 3–6 animals.
Group Basal (%) LPS (%)
Control 83 ± 3 85 ± 3
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ychnophora salicifolia are more common. Considering this infor-
ation we decided to analyse the occurrence of CGA on several
pecimens of these three regions (Fig. 1). The ﬁrst specimens were
ollected in a reserve area in Goiás State (Chapada dos Veadeiros);
he second and the third groups of plantswere obtained fromcoun-
ry side (Serra do Cipó) and near of a big center of Minas Gerais
tate (Diamantina), respectively. Qualitative LC–MS/MS analysis of
he polar extracts of Lychnophora salicifolia leaves revealed differ-
nces in the HPLC proﬁle, but in all populations were detect high
evels of CGA. In addition, considering the substances already iso-
ated from this species, the interpretation of MS data combined
ith UV spectra may suggests that the constituents of the hydroal-
oholic preparations are caffeoylquinic acid derivatives (UV max:
298 and 325nm); p-coumaroylquinic acids derivatives (UV max:
310nm), in addition to a sesquiterpene (UV max: ≈230nm) and a
lucosylﬂavone (UVmax:≈270 and330nm). Therefore, compound
ith Rt 20min: chlorogenic acid (m/z 353 as b.p. in the negative ion
ass spectra and theproduct ion spectrumshowedm/z191asb.p.);
8min: vicenin-2 (6,8-di-C--glucopyranosylapigenin; m/z 593 as
.p. in thenegative ionmass spectra);52min:di-caffeoylquinic acid
ositional isomer (m/z 515 as b.p. in the negative ionmass spectra);
7min: di-coumaroylquinic acid positional isomer (m/z 483 as b.p.
n the negative ion mass spectra) were proposed based on previ-
us publish data Gobbo-Neto & Lopes, 2008). Finally, the signal at
0min may be the lychnofolic acid (m/z 249 as b.p. in the negative
on mass spectra) that was previous isolated in this specie (Jordão
t al., 2004). Previously,wediscussed the importance of CGA for the
ossible biological activities reported to species of Lychnophora and
or several others medicinal plants from European and Asian. The
solation procedures of CGA applying chromatography and crystal-
ization procedures afforded 90mg of pure compound and allowed
he biological analysis.
ig. 4. Effects of CGA on adhesion molecule mRNA expressions. Neutrophils were obtain
yster glycogen solution (1%, 10ml). Neutrophils (1×106) were incubated in the presence
xpressions of (A) L-selectin and (B) 2 integrin were assayed by RT-PCR. (C) Representat
ells obtained from 3–6 animals.50M CGA 88 ± 3 88 ± 2
100M CGA 87 ± 1 85 ± 2
1000M CGA 84 ± 3 86 ± 3
3.2. Cell viability
Oyster glycogen elicited-neutrophils were initially character-
izedusinganti-granulocyteantibodybyﬂowcytometry, andalmost
97% of cells were marked as granulocyte (data not shown). In order
to verify the potential cytotoxicity of CGA, neutrophils viabilitywas
assessed using trypan blue assay. Data obtained showed that CGA,
in the concentration range used, did not cause cell death, neither
in basal nor in LPS-stimulated conditions (Table 1).
3.3. Effects of CGA on inﬂammatory mediator secretions
To investigate if CGA is able to modify secretion of inﬂamma-
tory mediators by neutrophils stimulated with LPS, their levels
were assessed in cell supernatants. As expected, LPS stimulation
increased secretion of TNF-, IL-1, nitrite and PGE2 in the super-
natant of neutrophils 18h after incubation. CGA treatment did not
inﬂuence the secretion of chemical mediators in both, basal or LPS-
stimulated conditions (Fig. 2).
ed from peritoneal cavity of male Wistar rats 4h after intraperitoneal injection of
or absence of LPS (5g/ml) with HBSS or ACG (50, 100 or 1000M) for 1h. mRNA
ive eletrophoresis in agarose gel (1%). Results are expressed as the mean± s.e.m. of
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Fig. 5. Effects of CGA on neutrophil adherence on endothelial cells in vitro.
Neutrophils were obtained from peritoneal cavity of male Wistar rats 4h after
intraperitoneal injection of oyster glycogen solution (1%, 10ml). Neutrophils
(2×105) were incubated with HBSS or ACG (50, 100 or 1000M) for 1h. Sub-
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for neutrophil trafﬁc from blood into the inﬂamed tissue has not
F
g
i
eequently, neutrophils were placed on endothelial cell monolayers, which were
re-stimulated with LPS (5g/ml; 4h). Neutrophil adherence was quantiﬁed by
yeloperoxidase activity. The results are expressed as the mean± s.e.m. of neu-
rophils obtained from 3 animals. *P<0.05 vs. LPS-stimulated control.
.4. Effects of CGA on adhesion molecule expressions
The effects of CGA on adhesion molecule expressions by neu-
rophilswereevaluatedbyﬂowcytometry. LPS stimulation induced
he cleavage of L-selectin in neutrophils, which was blocked by
reatment with CGA (50 or 100M). Equivalent expression of the
olecule was observed when CGA-treated cells were stimulated
r not with LPS. In addition, neutrophils treated with 1000M
CG and stimulated with LPS presented enhanced expression of
-selectin in comparison to cells non-treated with CGA and stimu-
ated with LPS (Fig. 3A).
LPS stimulation enhanced 2 integrin expression, which was
eversed with CGA treatment, in the concentration of 1000M
Fig. 3B). Incubation of cells with 1000M CGA inhibited the basal
xpression of the molecule (Fig. 3B).
Fig. 3C shows that CGA treatment in all concentrations used
id not modify basal expression of PECAM-1 by neutrophils, but
igniﬁcantly inhibited its expression induced by LPS.
The effects observed on L-selectin and 2 integrin expressions
re not dependent on modiﬁcations on their mRNA synthesis, as
ig. 6. Effects of CGA in in vitro neutrophil chemotaxis. Neutrophils were obtained from
lycogen solution (1%, 10ml). Neutrophils chemotaxis was carried out in Boyden cham
ncubated with HBSS or ACG (50, 100 or 1000M) for 2h (37 ◦C; 5% CO2). The distance
xpressed as the mean± s.e.m. of neutrophils obtained from 3 animals. *P<0.05, **P<0.0rmacology 135 (2011) 261–269 267
equivalent gene expressions were detected in control and CGA-
treated cells in the absence or presence of LPS (Fig. 4). PECAM-1
gene expression was not detected in control and CGA-treated neu-
trophils in all conditions studied (data not shown), which suggest
that the main source of the molecule in migrated neutrophils is
dependent on its recycling on the membrane, as suggested by oth-
ers (Garnacho et al., 2008). The absence of results does not reﬂect
experimental deﬁciencies, as lung homogenate was used as a pos-
itive control of PECAM-1 gene expression (data not shown).
3.5. Effects of CGA in in vitro neutrophil adhesion
L-selectin and 2 integrin are responsible for the interactions
of neutrophils to endothelial cells. As CGA altered the expression
of both molecules in response to LPS stimulation, neutrophils were
pre-treated with CGA and their adhesion on LPS-stimulated PMEC
was investigated. Data obtained showed that CGA treatment inhib-
ited adhesion of neutrophils on LPS-stimulated PMEC (Fig. 5).
3.6. Effects of CGA on in vitro neutrophil migration
The actions of CGA on in vitro neutrophil migration were tested
in Boyden chamber, using fMLP as chemotactic agent. Fig. 6 shows
that fMLP induced neutrophil migration, as the distance travelled
by cells into the ﬁlter in response to fMLPwas higher in comparison
to that evoked byHBSS (Basal). Treatments of neutrophilswith CGA
reduced basal migration and that evoked by fMLP, as well.
4. Discussion
CGA is daily consumed inhigh concentrations, because it is com-
ponent of a huge diversity of food and beverages present in human
diet (Farah et al., 2008; Kempf et al., 2010; Olthof et al., 2001) and
it is an important component of medicinal plants broadly used as
anti-inﬂammatory agents (Keles et al., 2010; Tamura et al., 2009).
Althoughmechanisms underlying its anti-inﬂammatory properties
have been investigated, the role of CGA on properties responsiblebeen studied. Here we show that Lychnophora salicifolia presents
CGA in its composition, which directly modify neutrophil adhesive
and locomotory functions, especially those related to the rolling
behavior, adhesion and oriented locomotion.
peritoneal cavity of male Wistar rats 4h after intraperitoneal injection of oyster
ber using fMLP (10−8 M) as chemotactic stimulus. Neutrophils (1.5×106) were
travelled by the neutrophils was quantiﬁed by optical microscopy. The results are
1 and ***P<0.001 vs basal control; #P<0.001 vs LPS-stimulated control.
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A critical step during inﬂammatory response is the ability
f circulating leukocytes to adhere to endothelial surface medi-
ted by a cascade of expression/activation of adhesion molecules.
-selectin is a key receptor involved on rolling behavior simul-
aneously with P- and E-selectin on endothelium. Interactions of
-selectin with counter-ligands activates intracellular cascade of
yrosine kinases phosphorylation, signalizing to the subsequent
ncrement of its adhesiveness on endothelium (Alon and Ley,
008). 2 integrins are spatially associated with sites of L-selectin
lustering, and L-selectin engagement evokes phosphorylation of
itogen-activatedprotein kinase (MAPK),which aredeeply related
o activation and clustering of CD18 (Green et al., 2003, 2004).
herefore, a temporal correlation between L-selectin cleavage and
2 integrin activation has been demonstrated, suggesting that L-
electin shedding triggers 2 integrin activation and this interplay
s fundamental for the progress of neutrophils migration during
nﬂammation (Simon et al., 1995). Here we suppose that CGA
odiﬁes this connection, as CGA treatment blocked L-selectin
hedding and 2 integrin expression induced by LPS. As it was
ot detected transcriptionalmodiﬁcations on synthesis of adhesion
olecules here studied, it may be considered that CGA modu-
ates mechanisms responsible for their translocation from storage
ntracellular pools into cell surface or for their cleavage from
embrane.
PECAM-1 is a mechanosensory molecule of immunoglobulin
uperfamily expressed on platelets, leukocytes and endothelial
ells associated with neutrophil transendothelial migration. It has
een shown that engagementof PECAM-1displaysCa2+-dependent
olymerization and depolymerization of actin cytoskeleton allow-
ng the neutrophil adhesion and squeezing between endothelial
unctions (Dimitrijevic et al., 2002; Wu et al., 2005). Here we
how that CGA inhibited LPS-induced PECAM-1 expression on
eutrophil membranes, corroborating a role of CGA on adhe-
ive properties of neutrophils. It has already been shown that
GA inhibits immunoglobulin superfamily molecules by reduc-
ng mRNA intracellular cell adhesion molecule-1 (ICAM-1) and
ascular cell adhesion molecule-1 (VCAM-1) expressions on IL-1-
timulated human umbilical venule endothelial cell (Chang et al.,
009). Differently, here we suggest that the control of CGA on
ECAM-1 expression does not involve gene synthesis, and in accor-
ance to the modulation of CGA on L-selectin and 2 integrin, it
ay be supposed that CGA affect post-transcriptional mechanisms
f adhesion molecules expression.
Activationof adhesionmolecules signals to the subsequent steps
f cell migration, by evoking rearrangements of actin focal adhe-
ion, which provide basis for the ﬁrm adhesion (Alon and Ley,
008). Previous treatment of neutrophils with CGA inhibited their
dhesion on LPS-stimulated PMEC, corroborating the direct action
f CGA on adhesive properties of neutrophils. In addition, the
ctions of CGA on neutrophils were extended to the mechanisms
esponsible for cell orientation and locomotion, as CGA inhibited
hemotaxis evoked by fMLP. fMLP interacts with seven transmem-
rane G-coupled receptor and displays intracellular signalization
ependent on Ca2+ and inositol triphosphate, resulting on phos-
horylation of proteins involved on cell locomotion and direction
Selvatici et al., 2006; Stillie et al., 2009; Swaney et al., 2010). The
xact intracellular mechanism of CGA on this process needs to be
lariﬁed.
The main action of CGA on neutrophil functions related to its
rafﬁc from blood to inﬂamed tissue was reinforced by observa-
ions that CGA treatment did not affect the secretion of chemical
ediators elicited by LPS. Interestingly, the effect of CGA on release
f several mediators in vivo and by other cell types, including other
eukocytes, has shown (Han et al., 2010; Jin et al., 2006; Krakauer,
002). Therefore, CGA may induce different mechanism of action,
epending on cell type.rmacology 135 (2011) 261–269
Together, data herein presented suggest that the mechanism
of action of CGA on neutrophils may be non-speciﬁc to the
inﬂammatory stimulus, but affects speciﬁc inﬂammatory actions.
Concluding, to our knowledge, this is the ﬁrst study that shows the
direct actionsofCGAonspeciﬁc functionsofneutrophilswhichmay
be responsible, at least in part, by the anti-inﬂammatory effects of
CGA.
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